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↑ What is "already known" in this topic: {#box1}
========================================

Low levels of 25-hydroxyvitamin D are thought to be related to depression and anxiety. On the other hand, recent studies have suggested a relationship between vitamin D and iron deficiencies.

→ What this article adds: {#box2}
=========================

Co-supplementation of vitamin D and iron compared with vitamin D alone yielded no added benefits for depression improvement in females with anemia and vitamin D insufficiency.

Introduction {#s1}
============

Vitamin D plays a lot of roles in the body, including intestinal calcium and phosphorus absorption, mobilization of calcium from bone, renal reabsorption of calcium and phosphorus, osteoclastogenesis, osteoclast activation, and suppression of parathyroid cell growth and parathyroid hormone gene expression ([@R1]). It has also been related to chronic diseases like type I diabetes, rheumatoid arthritis, Crohn's disease, multiple sclerosis, heart disease, stroke, infectious diseases, as well as increased risk of different types of cancers. Vitamin D deficiency has become epidemic worldwide due to sun exposure avoidance as a result of clothing, using sunscreen, and air pollution ([@R2], [@R3]).

Vitamin D receptors (VDR) are found in brain neurons. It has shown that vitamin D can regulate neurotrophic factors in the brain such as nerve growth factor (NGF), neurotrophin 3 and 4 (NT), and glial cell line-derived neurotrophic factor (GDNF). It has also been postulated that vitamin D may be neuroprotective through the synthesis of Ca^2+^-binding proteins such as parvalbumin ([@R4]). A cross-sectional study conducted among older adults demonstrated that serum levels of 25-OH vitamin D (25(OH)D) were significantly lower in depressed patients after controlling for confounders ([@R5]).

Vitamin D Responsive Elements have been discovered in the promoter regions of two genes associated with depression ([@R6]).The health in men study, a recent study among 3105 older men, reported that vitamin D concentration \<50 nmol/L was associated with increased risk of current depression with odds of 1.65 (95% confidence interval = 1.13-2.42) ([@R7]). It appears that the interaction between vitamin D, dopamine and serotonin neurotransmitter systems, as well as circadian system is involved in depression symptoms ([@R8]).

Obesity is associated with depression, especially in females because of stigmatism ([@R9]). Vitamin D supplementation has been shown to be associated with a significant improvement in depression scores after one year in overweight and obese subjects ([@R10]).

Recent novel studies have proposed a relationship between vitamin D and iron deficiencies ([@R11], [@R12]). After skin exposure to sunlight and synthesizing vitamin D3 from 7-dehydrocholesterol, it is hydroxylated twice in the liver and then in the kidneys to be activated ([@R13]). The next hydroxylase, renal-25(OH)D3-1α-hydroxylase, is a kind of cytochrome P450 which needs iron for its function. Therefore, iron deficiency may prevent vitamin D activation.

To our knowledge, there are no studies examining the relationship between serum levels of 25(OH)D and depression symptoms in anemic females with low levels of vitamin D. In addition, whether iron-vitamin D co-supplementation provides additional mental health benefits beyond those of vitamin D alone, has to date not been investigated. To eliminate this gap, we conducted a randomized triple-masked clinical trial to assess whether iron-vitamin D co-supplementation would lead to remarkable improvement in depression scores in anemic people with low levels of serum 25(OH)D.

Methods {#s2}
=======

We recruited non-smoking, non-pregnant, non-breast-feeding healthy women, 18 to 45 years of age with body mass index (BMI) between 18.5 and 29.9 kg/m^2^ attending primary health care centers of Kermanshah Province, Iran. The screening procedure was established in May, 2015 and finished after 4 weeks. The intervention was conducted between July 2015 and October 2015. The required sample size was calculated from the difference of 21.1 points in 25(OH)D between the D-Fe and D-P groups after 12 weeks ([@R14]).We estimated that with a sample size of 32 participants in each group, the study would have more than 90% power to detect the between-group difference, with a 5% (two-sided) type I error. Considering 20% dropout rate in each group, the final sample size was determined to be 40 participants per group. A total of 700 females underwent the screening process. At attendance, blood samples were drawn for primary screening and secondary analysis of serum 25(OH)D. Women who did not meet the inclusion criteria were excluded (n=590). Thirty women had thalassemia and were excluded. Finally, a total of 80 anemic women agreed to participate in the study. Those with hemoglobin ≤ 12.7 g/dL and 25(OH)D concentration \<30 ng/mL were assigned to one of the nutritional intervention groups unless they had any of the following exclusion criteria: consumption of vitamin D, iron supplements, and anti-depressant drugs within the previous 4 months, history of diseases like diabetes, thyroid disorders, amenorrhea (lack of menstruation in the 3 months prior to the study), menopause, iron-metabolism-related diseases, gastrointestinal diseases, renal disease, or blood donor status. After provision of written informed consent, the participants were randomized into two groups: an iron-vitamin D group who was given 1000 IU/d vitamin D plus 27 mg/d iron and a vitamin D-placebo group given the same amount of vitamin D plus iron placebo (starch) per day. The placebo tablets were identical in size, shape, and color to the iron tablets but contained no iron. An independent researcher unaware of the design and purpose of the study developed a random allocation sequence using a computer to randomly allocate 80 patients into 2 groups in a 1:1 ratio. The iron and placebo tablets were pre-packed in boxes and consecutively numbered according to the randomization list. The numbered boxes strategy was used for concealment. The boxes were stored in opaque envelopes until the study supervisor started random allocation after the eligibility of the patient was confirmed.  Each person was assigned an order number and received the supplements in the corresponding pre-packed box. Participants, study supervisor, staff involved in outcome assessment, and statistician were blinded to treatment assignment. The blinding was conducted using the same strategy of allocation concealment by numbered boxes. The intervention consisted of a 12-week long, randomized, placebo-controlled, triple-masked, parallel-design trial. The subjects were supplied with new tablets every month. Treatment compliance was evaluated based on taking \>80% of the assigned supplements during the study. This study followed the CONSORT guidelines([@R15]) and the study protocol was approved by Isfahan University of Medical Sciences ethics committee and was registered at www.clinicaltrial.org as NC 01876563.

Primary outcome {#s2-0-1}
---------------

The primary outcome was the rate change in the concentration of 25(OH)D, which can improve depressed mood. Serum samples for 25(OH)D from baseline and 12 weeks were stored at -80^0C^ and analyzed after the study was completed. Serum vitamin D was measured by an ELISA kit, with intra- and inter-assay coefficients of variation of 5.6 and 6.4 %, respectively (25-hydroxyvitamin D EIA, Immunodiagnostic Systems, IDS, United Kingdom).

Secondary outcomes {#s2-0-2}
------------------

Secondary outcomes included BDI, BAI, hemoglobin, and Body mass index (BMI) which were measured at pre- and post-intervention. The validated Iranian version of the Beck Depression Inventory (BDI) was used. BDI compromises 21 self-report questions that each item scores ranging from 0 to 3 and final scores range from 0 to 63. The standard cut-off scores are as follows: 0--9: minimal depression; 10--18: mild depression; 19--29: moderate depression; and 30--63: severe depression. Its reliability and validity have been affirmed as an instrument to evaluate treatment response when used in interventional studies ([@R16]). The obtained score was also split up into two subscales, BDI 1--13 and BDI 14--21, representing cognitive--affective and somatic--vegetative symptoms. The validated Iranian version of the Beck Anxiety Inventory (BAI) is a 21-item self-report questionnaire used to measure anxiety. Scoring the BAI is based on a 0-3 point scale with a maximum score of 63. The following ranges of BAI are suggested for anxiety: 8--15: mild anxiety; 16--25: moderate anxiety; and 26--63: severe anxiety. Using whole blood samples, hemoglobin was defined using the Symex NE 9100 automated hematology analyzer (Symex, Kobe, Japan). A digital scale was used to measure body weight to the nearest 100 g (BF54; Beurer, Germany) with light clothing and without shoes. Height was measured without shoes against a wall-fixed tape to the nearest 0.01 cm. BMI was calculated by dividing body weight in kilograms by body height squared in meters. International Physical Activity Questionnaire, short format([@R17]) was filled in by participants. The amount of physical activity was calculated and reported in units of metabolic equivalents (MET)-hours per day.

Statistical analyses {#s2-0-3}
--------------------

Based on the Kolmogorov-Smirnov test, the dependent variables were not normally distributed, except for BMI. Baseline values of physical activity score and 25(OH)D attained normal distribution after logarithmic transformation. In other cases, nonparametric statistics were used. Comparisons between groups were performed with the Mann--Whitney, independent samples t-test, and chi-squared test and within groups with the Wilcoxon signed ranks test. The Spearman's correlation coefficient was used for evaluating correlations. Data are expressed as mean (95% CI) or median (interquartile range, IQR). Analysis of covariance (ANCOVA) was used for adjusting baseline measurements of dependent variables. A p-value \<0.05 was considered as statistically significant. The SPSS version 22.0 was used for all statistical analyses.

Results {#s3}
=======

At the baseline, there were no significant differences between groups ([Table 1](#T1){ref-type="table"}). Of the 80 females participated in the interventions, one person in the D-P group and 5 persons in the D-Fe group, dropped out because of non-compliance. Thus, 74 individuals completed the study ([Fig. 1](#F1){ref-type="fig"}).

###### Baseline characteristics of study participants

  ----------------------------------------------------------- -------------------------- -------------------------- ---------
  Variable                                                    Vitamin D-Iron (n=40)      Vitamin D-Placebo (n=40)   p
  Age, y: median (IQR)                                        38.50 (28.75-42.00)        40.00 (33.50-42.50)        0.275\*
  BMI, kg/m2: mean (95% CI)                                   27.76 (25.80, 29.71)       28.51 (26.85, 30.16)       0.560†
  Married, n (%)                                              28 (70)                    32 (80)                    0.177‡
  Physical activity score (MET-minutes/week): mean (95% CI)   811.21 (370.79, 1774.79)   862.88 (403.46, 1845.46)   0.909†
  Depressive symptoms score (BDI): median (IQR)               12.00 (3.00-20.75)         10.00 (4.00-14.00)         0.122\*
  Anxious symptoms score (BAI): median (IQR)                  16.50 (3.00-13.25)         12.00 (1.50-12.00)         0.139\*
  Serum 25(OH)D, ng/ml: mean (95% CI)                         17.02 (12.91, 22.43)       19.31 (15.17, 24.58)       0.154†
  ----------------------------------------------------------- -------------------------- -------------------------- ---------

\*Obtained from Mann-Whitney test

†Obtained from independent samples t-test

‡Obtained from Chi-Square test
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At baseline, total BDI score was negatively correlated with BMI (rho= -0.351, p= 0.002). This relation was also seen between BDI 1-13 and BMI (rho= -0.422, p\< 0.001). There was no significant correlation between total BAI score and other variables including age, serum 25(OH)D, BMI, and physical activity levels ([Table 2](#T2){ref-type="table"}).

###### Correlations between variables

  -------------------------------------------- ----------------- ----------------- ------------------ -------------------
  Variable                                     BDI total score   BAI total score   BDI (1-13) score   BDI (14-21) score
  Age (y)                                      -0.127            0.220             -0.172             0.000
  BMI (kg/m2)                                  -0.351\*          -0.017            -0.422†            -0.165
  Physical activity score (MET-minutes/week)   0.003             -0.006            0.027              -0.011
  Serum 25(OH)D (ng/ml)                        0.021             0.044             0.035              0.002
  -------------------------------------------- ----------------- ----------------- ------------------ -------------------

\*P\<0.05

†P\<0.001

Data are expressed as Spearman's rho coefficients

After 12 weeks, the serum concentration of 25(OH)D increased significantly in both groups. There was no significant change in BMI in any of the groups. A statistically significant reduction in the total BDI, the BDI subscale, and the total BAI scores was demonstrated in all participants ([Table 3](#T3){ref-type="table"}). However, the differences in none of the variables were significant between the groups, even after adjustment for baseline values. [Figure 2](#F2){ref-type="fig"} shows the distribution of the BAI and BDI scores at baseline and end of the study. The frequency of participants with lower anxiety and depression scores increased after the intervention in both groups.

###### Baseline and 12-week values according to treatment

  ------------------------------------ ----------------------- -------------------------- ------------------------ ---------------------- ------------------------ ------------------------- --------
  Variable                             Vitamin D-Iron (n=35)   Vitamin D-Placebo (n=39)   p for changes                                                                                      
  Baseline                             12 weeks                Change                     Baseline                 12 weeks               Change                                             
  BMI, kg/m2: mean (95% CI)            28.14 (25.83, 30.46)    27.92 (25.56, 30.28)       -0.22 (-0.57, +0.12)     28.29 (26.62, 29.96)   28.15 (26.40, 29.90)     -0.14 (-0.65, +0.37)      0.752†
  BDI total score, median (IQR)        12.0 (4.5-20.0)         7.0 (1.5-12.0)\*           -4 (-1,-9)               8.0 (4.0-14.0)         4.0 (1.0-9.0)\*          -3 (-1,-6)                0.586‡
  BDI (1-13) score, medi-an (IQR)      7.0 (2.5-14.5)          4.0 (1.0-9.0)\*            -1 (+4, 0)               6.0 (3.0-8.0)          3.0 (1.0-6.0)\*          -1 (+3, 0)                0.396‡
  BDI (14-21) score, me-dian (IQR)     4.0 (1.0-7.5)           2.0 (0.0-4.5)\*            -1 (+3, 0)               2.5 (1.0-6.0)          1.0 (0.0-3.0)\*          -1 (+3, 0)                0.996‡
  BAI score, median (IQR)              16.0 (10.5-22.0)        7.0 (3.5-12.0)\*           -9 (-6,-12)              11.0 (6.0-22.0)        5.0 (2.0-11.0)\*         -6 (-3,-11)               0.204‡
  Serum 25(OH)D, ng/ml: median (IQR)   16.70 (14.56, 21.80)    41.40 (28.10, 50.35)\*     +21.70 (+10.20, 31.90)   18.95 (15.50, 25.40)   43.65 (32.60, 53.00)\*   +20.55 (+13.30, +30.80)   0.824‡
  ------------------------------------ ----------------------- -------------------------- ------------------------ ---------------------- ------------------------ ------------------------- --------

\*P\<0.001 vs. baseline (Obtained from Wilcoxon test)

† Obtained using Independent Samples T test

‡Obtained using Mann-Whitney test
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In the D-Fe group, 8 participants had gastrointestinal side effects because of iron intake. Five of eight females were excluded from the study. There were no side effects from vitamin D.

Discussion {#s4}
==========

The present study demonstrated that addition of 27 mg/d iron to a supplementation regimen with 1000 IU/d cholecalciferol for 12 weeks in healthy women with low levels of hemoglobin and serum 25(OH)D, was not superior to the vitamin D alone in improving BDI and BAI scores. Both interventions were efficient in reducing depression and anxiety symptoms.

Some previous studies have shown a significant and negative relationship between serum 25(OH)D concentration and depression ([@R18]). In a study by Yilmaz et al., vitamin D level had a negative association with BDI scores in 214 premenopausal women (r=-0.361, p\<0.001) ([@R19]). No such relationship was found in the present study. Similarly, in a study by Nielsen et al., aimed to evaluate the correlation between vitamin D levels and depression in 605 women with postpartum depression and 875 controls, low concentration of 25(OH)D was not related to a greater risk of depression ([@R20]). Not measuring vitamin D binding protein and existence of some confounders were considered as possible explanation. However, recruiting healthy women and using BDI as a sole diagnostic measure might confound our results.

Unlike previous studies, we found that lower BMI was associated with higher depression scores. A recent meta-analysis discovered that obesity but not overweight was related bi-directionally to depression ([@R21]). Some researchers have revealed a U-shaped trend in the relationship between depression and BMI ([@R22], [@R23]). Being underweight or obese was related to an increased risk of depression. In the study by Lee and Yen, which included 5254 adolescents, there were no significant differences in depression between overweight/obese and average weight participants ([@R24]). We did not include obese females in our study and thus the present results may not be comparable with those in other studies. In addition, socioeconomic status (SES) is another factor influencing the association between body weight and depression. Being obese has been related to more depression symptoms in African-Americans with lower SES ([@R9]). There are also other factors affecting the relationship between obesity and depression including genetic features, environmental, behavioral, and cognitive factors, unfavorable childhood experiences, marital status, education level, and stressful life events ([@R9], [@R25], [@R26]). Unfortunately, we did not evaluate these variables in the current study, and it is recommended to evaluate these factors in the future studies.

Positive effects of vitamin D supplementation on psychologic symptoms are in line with earlier studies. A randomized double-blind placebo controlled study in which overweight and obese participants were given 20.000 or 40.000 IU/w vitamin D for 1 year, reported a significant improvement in BDI scores ([@R10]). In a study by Kjærgaard et al., 243 adults with low levels of serum 25(OH)D were randomized to either placebo or 40000 IU/w vitamin D3 for 6 months. No statistically significant differences between groups were found regarding depressive symptoms ([@R27]). These divergence results can be attributed to heterogeneity in the amount and duration of vitamin D supplementation, assessment of depression, follow-up periods, and study participants. There are several proposed mechanisms by which vitamin D might improve mood changes. The VDRs are distributed in the brain and the central nervous system contains enzymes necessary for the hydroxylation of this vitamin ([@R28]). These receptors are involved in affective disorders, serotonin synthesis and tryptophan hydroxylase gene regulation, and the production of proinflammatory cytokines that affect stress response ([@R6], [@R29]). Bertone-Johnson et al. previously in a randomized, double-blinded trial revealed that daily supplementation with 400 IU of vitamin D~3~ combined with 1,000 mg of elemental calcium was not effective in the reduction of the risk of depression ([@R30]). As VDRs induce calcium uptake, they concluded that this finding might have been confounded by calcium supplementation. There are some confounding factors that may influence the relationship between vitamin D and depression such as age, physical activity, and body mass index ([@R31]). Our results are unlikely to be biased with these factors due to the absence of changes in any of the confounders.

We found that iron (neither through increasing vitamin D nor directly) could not affect mood. Iron is involved in the metabolism of neurotransmitters ([@R32], [@R33]). It is postulated that iron deficiency in brain tissue might be related to psychological impairments ([@R34]). The lack of effect of vitamin D plus iron compared to vitamin D alone might be due to several reasons. First of all, although all women had anemia, nearly half of them (n=38) did not meet the criteria for iron deficiency anemia. It has shown that the activity of cytochrome P450 complex, including 25-hydroxylase, reduces when iron depletion happens ([@R35]). Secondly, because of considering a wide range of hemoglobin, we selected an iron dose that just prevented a further reduction of iron stores. So, maybe insufficient intervention dose was used here. Measuring the expression of CYP27B1could improve our knowledge of underlying mechanisms.

Strengths and limitations {#s5}
=========================

Some limitations in the present study should be noted. Firstly, the present results may not apply to the general population because of including only women with low Hb and 25(OH)D levels in the study. Secondly, only the BDI questionnaire was used, while simultaneous use of other widely used scales could have given us more information. Thirdly, females with a wide range of depression scores were included in the study. Another limitation is that the present study should have been performed in those with ferritin levels less than 30 ng/ml. However, our study has several strengths. To our knowledge, our study is the first randomized trial to evaluate the consequences of concurrent vitamin D and iron supplementation on depressive symptoms. Additional strengths of our study include using a safe dose of vitamin D and iron and high adherence rate.

Conclusion {#s6}
==========

Simultaneous supplementation of iron and vitamin D does not yield added benefits for depression improvement in females with anemia and vitamin D insufficiency, compared with vitamin D alone. Both depressive and anxious symptoms were decreased after 12 weeks, but there were no significant differences between groups. The public health importance of our findings remains equivocal as long as the numbers of trials are scarce.
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